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When greenhouse and field soils are fumigated, the soil surface is often covered with aplagtic
tarp to reduce loss of the chemicd viavolatlization. Low- or high-dengity polyethylene tarps
(LDPE or HDPE) are commonly used; however, these films have been reported to have
ggnificant permesbility to methyl bromide (MeBr) and other soil fumigants. Pladtic films that
have reduced permeability to soil fumigants, particularly MeBr, have been developed in
response to the call for management practices that reduce emissions and maintain or increase
the efficacy of soil fumigants. To assist in the development of these management practices, a
rapid, accurate method to measure the permesability of plastic filmsto soil fumigantsis needed.

The permeghility of plastic films to gaseous solutes is due to diffuson and is thought to occur by
the solute dissolving into the surface of the film, followed by the diffusion through the film and
evaporation from the oppodte film surface. This paper describes a new method for estimating
the mass trandfer coefficient of gases diffusing through pladtic films. Unlike currently-used
methods, which use a flow-through chamber under steedy state conditions, the transfer of
fumigant across afilm was determined in agtatic chamber. This method was used to measure
the permesability of HDPE to MeBr, 1,3-dichloropropene (1,3-D), and chloropicrin.

Permesbility cells were fabricated from stainless stedl cylindrica stock of 12 cm ID. Cdls
were congtructed in two halves, each gpproximately 4 cm long, sealed on one end by soldering
adanless ged plate to the column. Additiond cellsfor the testing of low-permeshility films
were 12 cm ID x 1 cm (each hdf). A piece of the plagtic film to be tested was placed between
the two cdl halves and the cell halves seded together to provide a gastight syslem. Sampling
ports were congructed from brassfittings and were ingtdled at the midpoint of each cell half.

V gpor was spiked on one side of the film (source chamber), and the gas-phase concentration
on each Sde of the film was monitored until concentrations in the source chamber and recelving
chamber were equa. MeBr, 1,3-D, and chloropicrin were spiked to separate cells (3
replicates per fumigant). Gastight syringes were used to collect vapor samples from each
chamber at various times throughout the course of the experiment. Samples were placed in
headspace vids and andyzed using headspace GC-ECD.

The diffuson of agaseous solute is described by Fick’sfirst law: J=-hCesource Creceiving), Where J
isthe flux dengty and C is gas-phase concentration. The mass transfer coefficient, h, isa
messure of the resstance to diffuson. For permeable films such as HDPE, his high, while



lower vaues of h indicate amore effective barrier to diffuson.

The mass transfer coefficient was determined from the experimenta data by nonlinear regresson
using amodd which relies on amass baance gpproach (see curve fitsin Figure 1). The flux of
fumigant leaving the source chamber is balanced by an increase in concentration in the recaiving
chamber with time. Because of these changing concentrations, the flux is dways changing in
these systems; however, the mass transfer coefficient remains constant. Agriculturd films have
sgnificant sorption capacity, necesstating the incluson of a sorption term in the modd.

Sorption isindicated in the permegbility columns by (i) an initid rapid decrease in the source
concentration that is not accompanied by a corresponding increase in the recelving chamber and
(i) an equilibrium concentration ratio <0.5, because some of the massis hdd on the film (Figure
1). The cellswere gas-tight for the duration of the experiment, as indicated for the conservation
of massin the columns after sorption is complete.

Mass transfer coefficients for the fumigants MeBr, 1,3-D, and chloropicrin were determined for
1.0-mil HDPE a 40EC. Results demongtrate that HDPE is much more permegbleto 1,3-D
than to chloropicrin and MeBr (Figure 2). Preiminary resultsindicate that the mass transfer
coefficient decreases with decreasing temperature; thicker HDPE films and barrier films
demondtrate decreased mass transfer coefficients relative to HDPE.

This gpproach holds promise for use as arelatively rapid and reliable method to determine the
permegbility of plagtic filmsto fumigant compounds. Because the mass transfer coefficient is
independent of the concentration gradient, this property of the film can be compared under
different gpplication conditions and management practices, while the methods currently used to
determine film permegbility measure flux through the film & a constant concentration gradient.
This method, which requires aminimum of equipment, is especidly useful as a screening todl in
the development of new agriculturd films or soil fumigants.
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Figure 1. Methyl bromide concentrationsin permeshility cells containing 1-mil HDPE and
incubated at 40EC. Each data point is the mean concentration in three replicate cells.
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Figure 2. Masstransfer coefficients (relative to trans-1,3-D) for fumigant compounds diffusing
through 1-mil HDPE at 40EC.



